Abstract Recasting of the casting alloys affects the composition and elemental release which may have cytotoxic effect different from the pure alloy in the surrounding tissues. An Invitro study was conducted to investigate the elemental release and their cytotoxic effects from commercially available Ni-Cr dental casting alloys, commonly used for fabricating fixed partial dentures. Three Ni-Cr alloys [Wiron 99(A), Ceramet (B), and Hi Nickel CB (C)] were tested. Alloy specimens (disks 3 9 5 mm) were casted and grouped as follows: Group I (A 1 /B 1 /C 1 ): 100% pure alloy; Group II (A 2 /B 2 /C 2 ): 50% new with 50% recast; and Group III (A 3 /B 3 /C 3 ): 100% recast. Disks of each alloy type from each group were transferred to Dulbecco's modified eagle medium and left for 3 days at 37°C in an atmosphere of 5% CO 2 . Ni, Cr, Co, Cu and Mo elemental release from metal alloys into culture medium was investigated using Inductively Coupled Plasma Mass Spectrometry. Cytotoxicity was tested using mouse fibroblast cells and MTT Assay. Controls consisted of 6 wells containing cells with no alloy specimens. Data were analyzed by two-way analysis of variance followed by t-test. The total amount of elements released in parts per billion for various casting groups were Group I, A 1 -6.572, B 1 -6. Elemental release increased with amount of recast alloy. Amongst the three alloys tested Hi Nickel CB had significantly higher elements released compared to Ceramet and Wiron 99 in 100% pure alloys, 50% recast and 100% recast alloys. Wiron 99 showed least element release in 100% pure alloy, 50% recast and 100% recast specimens. 100% pure alloys of all three alloys are less cytotoxic, but their cytotoxicity is more on 50% and 100% re-casted alloys. Out of all three variations of casting Wiron 99 was least cytotoxic, followed by Ceramet and Hi Nickel CB. Recasting of alloys significantly increased the elements released and their cytotoxicity.
Introduction
Advances in science and technology in the field of dental material science have lead to the invention of base metal alloys for application in dentistry [1] . Introduction of chrome alloys has provided an alternative to gold, with these resulted in Ni-Cr and Co-Cr based alloys which are Clinical Implications Cast restorations placed in close contact with oral tissues for various periods of time may elicit local adverse tissue reactions such as gingivitis and periodontitis adjacent to them. Degree of cytotoxicity and biocompatibility of dental casting alloys has been related to alloy composition and elements released from alloys into surrounding medium. Recasting of Ni-Cr alloys increases the amount of elements released and hence the cytotoxic potential.
considered as economically less expensive and also have the required qualities and biocompatibility for usage in dental restorative work [2, 3] .
Base metal alloys are prone to various types of corrosion depending on its composition and oral environment [1] . The release of metallic elements from dental alloys is a potential health problem to dental patient [4] . Metals are known to cause toxic inflammatory allergic or mutagenic reactions. Important consequence of elemental release is cytotoxicity of adjacent tissues in cell cultures [5, 6] . Cast restorations being placed in close contact with oral tissues for various periods of time may elicit local adverse tissue reactions such as gingivitis and periodontitis adjacent to them. Degree of cytotoxicity and biocompatibility of dental casting alloys has been related to alloy composition and elements released from alloys into surrounding medium [7] .
Recasting of used alloys in the form of sprues or defective casting has been practiced to prevent wastage of material after casting [3] . Identification of the elements and their concentrations responsible for cytotoxic effects is important because it will help in improving and designing newer alloys to avoid the release of elements which are harmful to oral cavity.
Hypothesis of the study was that recasting of base metal alloys would change the chemical properties of the alloys and thus affect their elemental release and subsequently elicit cytotoxic effects. The aim of this invitro study was to investigate the effects of recasting of Ni-Cr base metal alloys and their potential cytotoxic effects and elemental release into culture media. Objectives of study were to assess the elemental release and cytotoxicity of Ni-Cr alloys and correlate elemental release with cytotoxicity of pure alloy (Group I), 50% pure and 50% re-casted (Group II) and 100% re-casted (Group III) alloy.
Materials and Methods
The invitro study was undertaken with Ni-Cr alloy for metal ceramic from three different manufacturers ( Fig. 1 ; Table 1 ). Alloys have been coded for simplicity and reference purposes.
Preparation of Alloy Specimens
An aluminium metal die with a circular space of 5 mm radius and 3 mm depth was milled in the centre portion of 1 cm thick aluminium block using computerized milling machine (Fig. 2) . Wax patterns 10 mm in diameter 9 3 mm thickness were prepared with green inlay casting wax (Fig. 3 ) (Bego-Germany) using the metal die. A total of 108 wax patterns were made for three alloys for Group I: 100% pure alloy (A 1 /B 1 /C 1 ), Group II: 50% pure 50% recast alloy (A 2 /B 2 /C 2 ), and Group III: 100% re-casted alloy (A 3 /B 3 /C 3 ).
Casting of the Pattern
The wax patterns of the three groups were segregated as given in Table 2 . The sprued wax patterns were invested in phosphate bonded investment in metal casting ring with dry cellulose paper ring liner. Following this they were casted by lost wax technique in an induction casting machine (Fig. 4) (Bego-Germany) with the respective alloys. Metals used for recasting was obtained from cleaned left over sprues and buttons of the alloys that had been previously cast in group I. After bench cooling the casting ring was divested and sandblasted using 250 lm aluminium oxide to remove the remnant investment material. Sprues were cut off and specimens were finished and polished using carborundum discs, metal trimmers, rubber wheels, sandpapers and polishing cake using hand motor instruments. The polished disks were soaked in a detergent solution for 5 min and then scrubbed using a soft bristle brush and rinsed under tap water for 5 min. Specimens were then replaced in sterile distilled water and cleaned by sonification and autoclaved at a temperature of 150°C for 60 min.
Elemental Release
Six disks of each alloy type from each group were transferred to 6 ml of Dulbecco's modified eagle medium (DMEM) and incubated for 3 days at 37°C in an atmosphere of 5% CO 2 . DMEM is prepared by supplementing with 5% new born calf serum, 100 U/ml of Penicillin, Streptomycin and 0.25 l gm/l Amphotericin B (Fig. 5) . The media was analyzed for presence of Ni, Cr, Mo, Co, and Cu using an Inductively Coupled Plasma Mass Spectrometry (ICPMS). Medium was diluted with de ionized water and kept in ICPMS and the readings were recorded. Triplicate absorbance was used to determine the mean concentration of different elements in parts per billion (ppb) released from alloys. For Cytotoxicity test, the remaining 6 disks from various casting alloys in three groups were placed in center of a 24 well tissue culture plate and 0.5 ml of mouse fibroblast cell suspension was added to cell well ( Fig. 6 ) and were left for 2 h. Following this 0.5 ml of DMEM was added and cells were incubated for 3 days at 37°C in an atmosphere of 5% CO 2 . The controls consisted of 6 wells containing cells with no alloy specimens. After the incubation period the plates were removed from incubator and cytotoxicity of materials was assessed by measuring Succinic Dehydrogenase activity (SDH) of the cells by using MTT assay. MTT reagent is added to the culture plate with alloy specimens and it is transferred to 96 well plates for readings in Enzyme Linked Immunosorbent Assay (ELISA) reader, the protocol followed for the MTT Assay is summarized in Table 3 . The readings were calculated by the formula:
% Cell Viability ¼ Mean absorbance of sample Â 100 Mean absorbance of control :
Statistical Analysis
The results obtained from the MTT analysis and ICPMS analysis was subjected to statistical analysis. One way ANOVA was used to calculate the P-value. Multiple range tests by Tukey-HSD procedure were employed to identify the significant groups at 5% level.
Results

Elemental Release
Elemental release was seen in all three casting alloy groups. Elements released were Ni, Cr, Co, Cu and Mo. Tables 4, and 5 summarize the elemental release by different casted alloys in three casting procedures. Hi Nickel CB had the highest amount of elemental release among the three casting alloys followed by Ceramet and Wiron 99. Elemental release significantly increased with the percentage of recast material used in for all elements analyzed in the study with P \ 0.05 (Graph 1).
Cytotoxicity Results
The percentage of viable cells in three groups is tabulated in Table 6 . Mean percentages of cell activity of three base metal alloys for three casting conditions were analyzed and cytotoxicity was observed to be more in Hi Nickel CB, followed by Ceramet and Wiron 99. Results showed that 100% recast alloys had more cytotoxicity than 50% pure and 50% re-casted and 50% pure and 50% re-casted alloy had more cytotoxicity than pure alloy (Graph 2).
Discussion
Metals have been an integral part of dental restorative procedures. Dental casting alloys which restore the form and function of missing tooth structure should be biologically inert. Release of metallic elements from dental casting alloys is a potential health problem [2, 8] . Metal ions leached from casting alloys are known to cause toxic inflammatory, allergic or mutagenic reactions [9, 10] . These released elements have been detected by invitro and invivo studies. An important consequence of element release is its cytotoxic effect on adjacent tissue and the amount of tissue reaction depends upon element released. [5-7, 11, 12] . 
The selection of an alloy for specific conditions like fixed partial dentures are influenced by three factors namely physical properties, bio-compatibility and cost. Gold considered as the high noble metal was the alloy of choice for restorative procedures and it was considered that no ions leached from it but, histological studies disproved this misconception [2] . High cost of gold has lead to the introduction of base metal dental casting alloys [2, 3] . Nickel combined with chromium forms highly corrosion resistant alloy, These base metal alloys which are primarily nickel based compared with gold alloys are cheaper, have high elastic modulus (stiffer), harder, less dense and possess comparable resistance to tarnish and corrosion [1] .
Due to comparable physical properties base metals have slowly replaced gold casting alloys [2, 3, 13, 14] . Commercially available base metal alloys for fixed partial dentures are usually Ni-Cr alloys [1, 2] . The composition of these alloys may vary according to manufacturer but the basic constituents are Ni, Cr and Mo [1] . Addition of minor components significantly changes the microstructure and properties which affect the bond strength of ceramic to metal oxide layer required for achieving bonding. It is at the manufacturer's discretion to include any of these minor components to produce the desired properties [1] . The permissible leaching of these elements should be evaluated to prevent untoward side effects (cytotoxic effects) during function. It has been a practice to further reduce the cost; the casted alloy is reused again in various proportions with new alloy [3] . The elemental release of this re-casted alloy may vary from the pure virgin alloy. The biocompatibility of the alloy depends upon the type and elemental release from it, into surrounding medium or tissues [5, 15] .
To assess the element released from the alloys, the alloy is stored in a suitable medium such as artificial saliva for 3 months or in a suitable culture medium and incubated for 3 days [16] [17] [18] [19] . Storing the specimen in culture medium and incubating it is a practical method as the procedure requires shorter span of time and the elements released were also better [16] . Further to evaluate the amount of elements released into the medium various methods have been put forth, such as Atomic Absorption spectrography, Emission spectrography, Inductively Coupled Plasma Atomic Emission Spectrophotometer (ICPAES), Inductively Coupled Plasma Mass Spectrometry (ICPMS) [20] . ICPMS is fast, sensitive, precise and accurate multi element analytical technique for determination of trace elements.
The common methods used to evaluate cytotoxicity are Millipore filter, Agar overlay test, MTT assay test. MTT assay is an easy technique; the readings can be calculated directly from ELISA reader [16] . The other advantages of MTT are sensitive and reproducibility, convenient, rapidity, elimination of need of radioactive compounds and economical.
Three Ni-Cr based alloys (Wiron 99, Ceramet and Hi Nickel CB), commonly used for the fabrication of metal ceramic fixed partial dentures from different popular manufacturing companies were chosen due to the variation in their composition claimed by the manufacturers. Cleaning and sterilization of specimens were performed according to recommended protocols. Specimens were autoclaved 150°C for 60 min prior to testing to sterilize them [1, 16] . It is important to note that this procedure may affect the corrosion pattern of these alloys, however all the alloy specimens received the same treatment, thus any differences in cytotoxicity of elemental release would be result of differences in type and composition of alloys or the casting procedures.
The findings of the current study agreed with the hypothesis that recasting of base metal alloys increases their potential cytotoxic effect and element release. In the study, element release in all the new alloy samples was significantly less than the re-casted specimens. Amongst the three alloys selected Hi Nickel CB had significantly higher elements released compared to Ceramet and Wiron 99 in pure alloy, 50% recast and 100% recast alloys. Wiron 99 showed least element release in 100% pure alloy, 50% recast and 100% recast specimens. All the base metal alloys tested in this study showed to have a cytotoxic effect.
In the cytotoxic evaluation done by analyzing living cells and percentage of cell viability it was seen that in 100% pure alloy specimens Wiron 99, Ceramet and Hi Nickel CB were cytotoxic in the increasing order. With recasting of alloys either with 50% or 100% showed a definite decrease in the number of living cells in all the three alloys. In the present study in 50% new-50% re-casted and 100% re-casted, the mean of living cells and percentage of cell viability are more significant in Wiron 99 than Ceramet and Hi Nickel CB. Hi Nickel CB showed least number of viable cells.
Among Ni-Cr alloys chosen Hi Nickel CB was most cytotoxic and it was significantly more cytotoxic than Ceramet and Wiron 99. This could be related to the difference in the composition of these alloys [1, 3] . The greatest cytotoxicity showed by the Hi Nickel CB alloy for all the three casting conditions could be due to its copper content. It has been reported in the literature that the major contribution for toxicity of alloys was probably due to copper content [1] . It has been reported that only Ni-Cr alloys containing 16-27% Cr develop an adequate protective oxide layer. Molybdenum also has an active role in the formation of oxide layer. Since copper based alloys tarnish and corrode more than non copper alloys, it was observed in the present study that a remarkable amount of copper was released into culture medium from Hi Nickel CB. The content of copper in association with low content of Cr and absence of molybdenum may also explain significant cytotoxic effect of this alloy in comparison to other Ni-Cr alloys [1, 3, 17] . Thus for all of the alloys 50% recast groups were significantly more cytotoxic than 100% new alloy groups and furthermore, the 100% recast groups were significantly more cytotoxic than 50% recast group. This could be due to some effect on the chemical composition of these alloys which may increase the dissolution rate of the alloys, and thus the elements released from them will be increased as found in ICPMS analysis. From the results of present study it appears that the alloy types and the elements of these alloys become affected to a different degree when the alloy was recast and hence attributes to its cytotoxic effects.
Limitations
The results of the study need to be correlated considering the following limitations. The minerals or organic constituents in DMEM media used may have an effect on corrosion susceptibility of the alloys and thus influence the element release. Although a small sample size (n = 6) was used in the current study, significant differences were found between the different groups, indicating its sufficiently large effect size. However further studies need to be conducted with greater sample size for a more adequate representation of the alloy types.
Conclusions
The results obtained from the study prove hypothesis that recasting of base metal alloys affect their elemental release and subsequently elicit cytotoxic effects. Though it has been acceptable to reuse 50% re-casted alloy in the form of sprues removed from previous castings added to new alloy ingot to maintain physical and chemical properties, the element release from these re-casted alloys are significantly more and hence will have a definite cytotoxic effect. Within the limitations of the current study it may be concluded that Hi Nickel CB shows the maximum elemental release and cytotoxicity effect in pure and re-casted forms and this is followed by ceramet. In the current study Wiron 99 showed the least element release and cytotoxicity.
